Introduction
Lower urinary tract symptoms (LUTS) are subjective indicators of a disease or change in condition perceived by the patient and are generally qualitative indicators. 1 Among the most common symptoms are urinary frequency and urgency, nocturia, and urinary incontinence (UI). 2 Among the symptoms, UI has a greater prevalence and is defined, according to International Continence Society, 1 as all involuntary loss of urine originating from different processes that alter its storage in the bladder. It can be classified as urinary urgency; UI accompanied by strong urge to urinate; stress UI, when the loss occurs after exercise, coughing, or sneezing; and mixed, when there are simultaneously stress and urge UI. 3 It is known that the presence of LUTS may be associated with the absence or reduction of the strength of the pelvic floor muscles (PFM). These muscles have the role of supporting the pelvic organs, assisting in the sexual function, and maintaining urinary 
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Oliveira et al and fecal continence through the ability to contract strongly, fast, and in a reflex manner. 4, 5 The rapid and strong ability to contract those muscles, for example, generates an adequate closing pressure on the urethra, maintaining its pressure higher than that inside the bladder, thus preventing urine leakage. 6 Literature shows that several risk factors are associated with the presence of LUTS, such as age, parity, mode of delivery, birth weight, gestational age, menopause, and obesity. 7, 8 Particularly in cases of UI, some studies have shown significant tendencies in females with high body mass index (BMI) for developing UI. 9, 10 This has been attributed to excess weight in the abdominal area, which increases the abdominal pressure, and, as a consequence, increases the pressure of the bladder and causes mobility of the urethra. 11, 12 It is important to note that although some females have high BMI, central adiposity is not necessarily observed. Central obesity can be defined as the accumulation of fat in the upper body, especially the abdomen, unlike femoral gluteal obesity, in which there is as much fat deposit at the lower body as in the gluteal region. Therefore, it is necessary to measure the waist circumference (WC) to identify the increase in abdominal fat.
Although there have been studies in the field related to the influence of BMI on PFM and UI, data for LUTS addressing WC as the central adiposity identification factor is lacking. Therefore, this study aims to evaluate and correlate the presence of urinary symptoms with WC and PFM pressure.
Patients and methods
The study design was observational and cross-sectional. The sample included 164 females between 45 and 65 years of age, who were assisted at the Maternity School Januário Cicco in Natal, RN, Brazil, divided into two groups according to WC: Group ≤80 (G≤80), was composed of females with WC up to 80 cm (n=70), and Group >80 (G>80) comprised females with WC >80 cm (n=86). Those who satisfied the following criteria were included: not using hormonal medication, not been subjected to gynecological surgery, not had previous physical therapy for pelvic dysfunction, and not doing any specific exercises for the PFM. Excluded were those with genital infection, prolapse grade III or IV identified by Pelvic Organ Prolapse Quantification System (POP-Q), 13 anyone who complained about unbearable pain during muscle strength test and perineometry, and anyone who have had trouble contracting. The sample size was defined through the sample calculation for 80% power.
Data collection took place in three stages: 1) application form evaluation, in which sociodemographic data, information about pre-existing diseases, and urological, gynecological, and obstetrical history as well as the presence of LUTS (urgency, nocturia, UI, and type of UI) were collected; 2) anthropometric assessment, which measured the height and weight to calculate BMI. BMI . Also, WC was measured using a metric tape positioned at the midpoint between the last rib and the edge of the iliac crest; and 3) perineometry to assess the pressure exerted by PFM.
For perineometry, we used the PeritronÔ model 9300AV (Cardio Design, Castle Hill, NSW, Australia). The participants adopted the modified gynecological position (supine, knees flexed and hips abducted, with feet flat on the stretcher), and the condom-covered probe was inserted into the vagina to a depth of 9-10 cm. Three maximum voluntary contractions at 30-second intervals were requested.
14 During the examination, if the patient did not perform the contraction correctly, the value was discarded. The value considered was the arithmetic average of the three attempts 15 and expressed in cmH 2 O.
Statistical analysis was performed using SPSS for Windows 20.0 (IBM Corporation, Armonk, NY, USA), adopting a 5% significance level for all statistical procedures. To analyze the normality of the data, we used the Kolmogorov-Smirnov normality test. For mean comparisons between groups, we used the independent samples t-test, and to correlate the WC with perineometry and LUTS, we used the Pearson's correlation test. The Research Ethics Committee of the Federal University of Rio Grande do Norte approved the study (approval no. 1042362). All participants read and signed the informed consent form before being evaluated.
Results
This study evaluated 164 females. However, 4.87% of the subjects (n=8) were excluded because of being unable to perform perineometry, noncoordination during the contraction of PFM, or pain when inserting the probe. During sociodemographic assessment, it was observed that there was no difference between the groups. Regarding physical examination, statistical difference between the weight, BMI, and WC was observed (Table 1) .
Significant difference was observed in regard to the presence of LUTS when comparing the two groups (Table 2) . Regarding the degree of UI, it was observed that the G>80 group presented it more significantly.
Regarding the pressure of PFM, we observed significant difference (P=0.03) between the groups: for 
Discussion
This study aimed to evaluate the pressure of the PFM according to WC but also to correlate the presence of LUTS with WC. By dividing the subjects according to WC, it was possible to identify those with a larger abdominal diameter, which resulted in higher intra-abdominal pressure.
According to our findings, UI was more prevalent in the G>80 group. Among the forms of urinary loss, stress UI was the most referred to. An earlier study had shown that high levels of body weight with a high level of abdominal obesity were related to UI. 16 Furthermore, central fat accumulation lead to a high WC and increased intra-abdominal pressure due to excess body fat. 17 Therefore, the PFM can suffer significant influence of chronic stress, stretching and weakening of other structures of the pelvic floor. 17 In the literature, it is reported that the severity of UI may be related to the degree of central rather than peripheral obesity. [18] [19] [20] [21] Therefore, the correlation of the bladder pressure to the circumference or sagittal abdominal diameter is larger than the waist/hip ratio. 18 Thus, waist/hip ratio and WC may indicate a correlation with urinary urgency and incontinence, 22, 23 confirming the data in this work. The results of this study showed that the urinary urgency and urinary urge/ incontinence were more frequent in the group with higher WC. It has been shown that adipose tissue produces leptin, which in turn increases the autonomic nervous activity, especially of the noradrenergic sympathetic nerves. 24 An increase in perivesical fat, known as lipomatosis, can cause inflammation inside the bladder, leading to urinary frequency, and cause urgency to urinate. 24 Moreover, visceral fat produces inflammatory cytokines, which can lead to irritation and, therefore, to the appearance of urinary symptoms. 25 We also observed that mixed type of UI was also more frequent in the group with higher WC. Some authors have argued that this form of urinary leakage occurs in people with higher weight only due to mechanical factors; 26 that is, increasing BMI and abdominal diameter increases intraabdominal pressure and bladder pressure proportionally. 18, 27 However, it is also known that the release of cytokines by adipose tissue can promote the urgency to urinate and thereby contribute to mixed type of UI. 25 Our data show that the group with the highest WC showed high frequency of symptoms such as urgency and nocturia. There have been studies showing that irritative bladder symptoms are reported more frequently in the obese population, especially in premenopausal females. 28 Tension and weakness in the PFM can occur leading to a deficit in the nerve supply of the support structures which can cause ineffective function. 28, 29 Previous research evaluating the strength and endurance of PMF in obese and non-obese patients agree with our findings, which concluded that besides a lower muscle response of obese, an increase was observed in symptoms of nocturia associated with increased BMI. [19] [20] [21] 30, 31 Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2016:9 submit your manuscript | www.dovepress.com
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Oliveira et al It is worth emphasizing that patients with a higher WC had a lower PFM pressure compared to the group with WC ≤80. According to the completeness theory proposed by Petros and Ulmsten, in order to have a properly functioning PFM, it is necessary to have completeness of PFM apart from other structures that compose this region such as nerves, fascia, and ligaments. 32 In this sense, the overload, that comes from overweight in the waist region, may damage the PFM as well as the other structures that compose it, and so provoke dysfunctions such as UI and other symptoms that routinely coexist, such as urinary frequency (polyuria), nocturia, chronic pelvic pain, and changes in bowel and vesical emptying. 10, 32 In this context, it is observed in the literature that reducing the WC, resulting from bariatric surgery, resolves LUTS by up to 52%. 33 In this context, a question for further research is: What is the effect of strengthening the PFM for the treatment of LUTS with persistence of BMI and high WC?
Unlike other studies that address only the urinary losses and BMI, this study aimed to evaluate WC and its relationship with LUTS, without specifying the types of UI. However, this study was limited to assessing WC only and did not consider the hip circumference or the relationship of WC and hip circumference.
Conclusion
Our results suggest that females with a higher WC suffer more from LUTS, and there is a strong positive relationship between irritative symptoms/UI and larger abdominal diameter. The reasons for these findings are probably not only linked to the direct increase of BMI but also to the accumulation of abdominal fat which can lead to increased intra-abdominal pressure on PFM and also neuroendocrine changes.
